ABSTRACT UV light causes inactivation of phage (80) repressor molecules in a plasmolyzed, permeable cel preparation of Escherichia coli. Induction without UV irradiation occurs when the permeable cells are incubated in the presence of four deoxyribonucleoside triphosphates and ATP The induction triggered by dNTPs requires a functional recBC gene product and is associated with degradation of the DNA 1cation fork The role of recBCDNase in the induction of prophage and SOS functions in general is discussed. When normal cellular DNA replication is inhibited by various treatments (e.g., UV irradiation), numerous processes, collectively known as "SOS functions," are induced in bacteria and possibly in animal cells (1 As an approach to the identification of a postulated DNA degradation product or modified DNA structure that could trigger the onset of SOS functions, we developed a permeable cell system, using our biochemical assay (5) for inactivation of phage repressor molecules, to detect the induction processes. We here present evidence that prophage induction in this system is associated with degradation at the DNA replication fork resulting from recBC DNase activity and discuss the role played by the recBC DNase in the induction of SOS functions.
Inactivation of phage repressor in a permeable cell system: Role of recBC DNase in induction ( April 17,1978 ABSTRACT UV light causes inactivation of phage (80) repressor molecules in a plasmolyzed, permeable cel preparation of Escherichia coli. Induction without UV irradiation occurs when the permeable cells are incubated in the presence of four deoxyribonucleoside triphosphates and ATP The induction triggered by dNTPs requires a functional recBC gene product and is associated with degradation of the DNA 1cation fork The role of recBCDNase in the induction of prophage and SOS functions in general is discussed. When normal cellular DNA replication is inhibited by various treatments (e.g., UV irradiation), numerous processes, collectively known as "SOS functions," are induced in bacteria and possibly in animal cells (1) . In lysogenic bacteria, prophage induction is one of the cellular responses to such interference with DNA replication. Induction of A prophage is accompanied by proteolytic cleavage of A repressor molecules (2) . Roberts et al. (3) have demonstrated ATP-dependent cleavage of A repressor in extracts derived from an induction-constitutive mutant strain. Little is known, however, about the initial molecular events that trigger the SOS functions. Recently, we presented evidence (4) that strand scission is the most immediate DNA structural modification that generates an SOS induction signal and that degradation of the modified chromosomal DNA by certain DNases, including recBC DNase, is closely correlated with and may trigger prophage induction.
As an approach to the identification of a postulated DNA degradation product or modified DNA structure that could trigger the onset of SOS functions, we developed a permeable cell system, using our biochemical assay (5) for inactivation of phage repressor molecules, to detect the induction processes. We here present evidence that prophage induction in this system is associated with degradation at the DNA replication fork resulting from recBC DNase activity and discuss the role played by the recBC DNase in the induction of SOS functions.
MATERIALS AND METHODS
Bacterial Strains, Media, and Chemicals. Bacterial and phage strains used were described recently (4, 5) . The SSA minimal (6) medium was supplemented with 0.5% (wt/vol) Casamino acids (Difco), 100 ,g of L-tryptophan per ml, 5 jig of vitamin B1 per ml, and 0.2% (vol/vol) glycerol (instead of glucose). The sources of reagents were: amino acids (Calbiochem); p-aminobenzoic acid, pyridoxine, spermidine, all nucleotides, phosphoenolpyruvate, and glutathione (Sigma Chemical Co.); Escherichia coil tRNA mixture and pyruvate kinase (Boehringer Mannheim Biochemicals); and folinic acid (calcium leucovorin, American Cyanamid Company). Chorismic acid was purified by the method of Gibson and Gibson (7) . Plasmolyzed Cell Preparation. Cells grown to a density of 3.5-4.0 X 108 cells per ml in SSA medium (usually 50-100 ml) at 370 were harvested by centrifugation (3000 rpm) for (8) . After a 10 min incubation at 00, 10 The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertient" in accordance with 18 U.S.C. §1734 solely to indicate this fact. EC 4.1.3.27) as described (5 was quite unexpected and in sharp contrast to the UV-triggered induction in which the synthesis of ASase activity in the permeable cells was delayed but did appear after about 90 min of incubation (Fig. 3A) In order to further analyze the dNTP-dependent induction, we tried to separate the reaction into two steps. Table 3 shows an experiment in which we incubated the permeable cells with and without dNTPs and/or ATP for various time periods (first step). The dNTPs and ATP were removed by washing and the cells were reincubated in the reaction mixture necessary for protein synthesis (second step). The highest ASase activity was induced when the cell preparation had first been preincubated with both the dNTPs and ATP. Preincubation with ATP or dNTPs alone gave substantially less ASase activity during the second incubation. The requirement for ATP in addition to the four dNTPs for induction was not detected in the previous experiments because of the presence of ATP as a component of the reaction mixture necessary for protein synthesis. The experiment described above suggests that once the induction process is triggered by the dNTPs plus ATP, the dNTPs are not necessary for any of the subsequent steps. As seen in Table 3 (Fig. 5A ). This indicates that newly synthesized DNA near the replicating fork is specifically sensitive to this type of degradation. Approximately 50% of labeled DNA that had been pulsed in vivo for 60 sec at 370 became acid soluble when the four dNTPs and ATP were provided. Omission of any one of the four dNTPs substantially reduced or eliminated degradation (80-100% reduction, data not shown). The degradation of pulse-labeled DNA, dependent upon the four dNTPs and ATP, was also observed in recA cells (data not shown) but not in recB cells (Fig. 5B) nor in recA recB cells (data not shown).
These results indicate that this degradation of newly synthsized DNA at the replicating fork requires a functional recBC gene product (recBC DNase); It is clear from these experiments that the two phenomena, ASase induction (phage repressor inactivation) and degradation of pulse-labeled DNA at the replication fork, share two common characteristics, namely, the involvement of the recBC gene product and the requirement for the four dNTPs and ATP.
We examined the inducibility of ASase that was dependent (14) reported that the concentration of dNTPs increased to usually high levels during thymine deprivation or after nalidixic acid treatment. Under normal growing conditions, the level of one or more of the dNTPs may be too low to cause replication fork degradation and/or a replication fork that is actively replicating may not be susceptible to the DNase(s). In thymine starvation which would result in the absence of dTTP, the recBC DNase may still be able to attack the immobilized replication fork in the presence of only the three dNTPs and ATP (see Table 2 ) even though this is less efficient than in the presence of four dNTPs. It is also possible that dUTP can substitute for dTTP.
Since most inducing agents inhibit DNA replication, one might argue that the resulting immobilization of the replicating fork may lead to instability and/or increased levels of dNTPs and thereby provide a general basis for initiation of induction by most types of inducing treatments. If this were the case, the induction process would not be triggered in a cell that has a completed chromosome and thus no replication fork. However, in vvo (15) , and from the results in Table 4 
